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LOTOSPEAKER 



FIELD OF THE mVENnON 

■ «<.n relays to loudspeakers, particularly loudspeakers suitable for 
The present urvenuor. relays ^ P ^jb,^,,. « relates to loudspeakers 

.euerattas audible sound °"^;^;^^^l^.,ec,„.„echauicaltrar.sducer 

having a sound generating element or diapnragi 

mounted thereon. 

BACKGROUND OF THE INVENTION 
• . .^o recordings has been until very recently dominated by 

reproduction of ^^^J^^^^sbaped dia 
electromagnetic voice-coil driven cone sn p F 

— — rc^r: ::::^::-e..^eos..a. 

diaphragmshavebeenmtroducedbutarenoty „„,,itvofthe sound generated, 

telephone speakers and the like. 

application WO-9203024. 

«,,oiw Hp«;imed as a cone to impan some 
the diaphragm ts usuall d^,^^ ^ ^ ^ ^ 

stiffliess. However, p.stomc speakers wrtn p 



. 1. ft„n,theftontandrearofthediaphiagm,theftont- 

^,,e..^i.edsound1,.n,nccessan.y.an«^-J^^^ ^^^^^ 
desired sound by d,e rear-«dia.ed sound, such ^-^^ 
,„„s or 03bir,e.s, such ^ ^ -x-radia^d sound . «pped. 
.0 produce such speakers in a oompaC hsh^eigh. form. 

, n also referred to as flexutal wave or 

KnownW^^waveioudspes^^ --.^^^^ 

dis«bu«d mode loudspeakers, have a to ar _^ ^^^^^^ 

,,3nac»a.>rcloseU>*ecen«(bu.no.usua>,ya.«, c^^^ ^^^^ 

„.,aneof.epa^so..^ — ^^^^^^^ 

rn::::rpr...Mui.iere„ec.nso -^^^ 

V €.r. Tfthepanelisiinmersedmafluid,suchasair,men 



machine containing the actuator. 



, ^ • BWT the magnet of the moving-coil actuator is 
^ a ccnvenUonal ma^etically ^''^'.^^J^Xaker. while *e moving cCil is 
often fixed .o *e nominally s.hc ^"^^^ ^ ^ „ p^el 

---•°-«'^''rtl"r:^r;nen...emovi„.coiUsa„achM 
and *e loudspeaker fiame. In an alp««e ^ 

" ul -o- L.on force . *e coil and panel, h. d.s la„er 
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to improve the ctaabiUty of the device. 

. „ MveoBW.meae»a,crsa«generallysyn«netticalar,d*einenial 
,„pie»e,ec»canyanvenBWL* ^ 

mass of the actuators available .sgaier " ^ ^^^^ely driven, 

force and a — g .ante bcconte. re,u,red ^ 
Snc.an.ot.n.l..^e.en«al,yco^^3-^^^^^^ 

--«^^'=^-^7:r:^:: 1 and ...e. . ^ .^-^ - 
„...B^.-^.o-— ^^^^^^^ 

^aces producntg a <^ «> P ^^^^ ^ ,i„^„ons 

oon*ution.onto„es,dea,».How^^- . 

ofthepanelhecome^^a^-J^^^^^^^ 

paneUthepanelstartstoacteffectivelyas p is necessarily opposite 

.epl^^oftheradtatedsonndpr^^M^^^^^^ 

.o.«prodnced.,.eo.«^of^^^^^^ 

^.ion as occurs tends to mu«^.y or cabinet, 

ft^cy performance overall and, therefore, req 

„,d be desirable to provide a compact, Ughtweigh. loudspeaker with 
Therefore tt would be desirable P ^ ^ 

i^vepiezoelectiicaUydnven loudspeakers, olb P 

SUMMARY OF THE INVENTION 

.ocordinstoaars.aspec..heir.ve..onprovidesabal.c.fo^^^^^^ 
,owmassandlowimpedancelectro^.iveactuator.preferablyap.ezo 
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f oWv of the coiled bending type, is used as the 
of the bending type and more preferably of co ^^^^ 



ftame or housing. 



A u^r nair of area extensive 

Any diaptoagms may b. used in place offtcpaneU. 
On...o,.eo.ea..a.^..--«-— 

- :r::cL:r:.sa„-e.a.po..on 

de,ennmcdby*= actuator geomctty.b».mge« „f i. 

chosen such that Its lengm in , ti,e actuator will both lengthen and 

disclosure of wbioh ar. h«eby incorporate by reference. 
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will occur in the Ustening area. 



nne or several actuators. In apistonic speaker, one or 
Suchabalancedspeakermayuseoneorsev^al ^^.^^h with minimal 

or more actuators for pistonic operation. 

edges of a., panels can Mov, ^ 
for BWL. ..g. close to the centre, at 3/7 of fl.e lengm 

stiffoess and size of the panels. 

,....tof.ea.vearran.e....esp.^^.w^-^^^^^ 

. less .an .e clear.ce ^^^^^^^^^^^^^^^^^^ 
din^ensionof^eactuatormthe^^^^^ 

eanbepartiallyhouseawttlunthetluclme^sof ^ ^^^^ 

p^nelcorematerial adjacent to the aerator. The 
Lerofoneorhofltpanelsratherthantothepane. surface. ^JP 

..tioneas^h that .e sap between the™ h^tnes v^ n^^^ ^ ^ 

— - - C;:rl<lttLe.h:for.nl.Sthe 

Heltaorph™). Even closer spacmg of the two pan 

outer face of the diaphra^ as shallow protrt^tons, e.g. dotne shap 



. ::::«tc:»e.s.»c.osea..os.e. 

Honeycomb sttuo»re mad. ™ ^ ^„ ^^.^Me, such as foamed- 



or conical diaphragms. 



remains essentially free to vibrate. 



several actuators. 



compliant element, for example a foam plastic pad. 
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. • «,.^r,referablyatsmtabkpomtsotmimmalbendmg 
taaBWLdevi«,attaclancntpomtsaieprrf«r3blya j^^^^^i 

j.l ~,ints"l Where the amplitude ofbendmg waves is lowes 
displacementC'nodalpcmts )wher , „ay be attached at these points 

„pe.ati„northeBW...addit.o.^.a^^.- 

whieh^aybebondedtothepa^i^^e, o^^^^^ 
3„doompUa.te,e»e.t..whereco« ds ^ ^ 

r r r:;r.:;:Ca o„ Jp^p- .the pane. a.d 

compUant pads. Suitable nxing p . , .u^ir edees but not at Ihe 

h,e,.de.in,heoaseo,rec.an^a.pa„eK^-.ao^^^^ 

^»es Suitable positions are within a distance ftom the edge 
lC.ecave.y.I.»aybebe„eficial.oreh.o^.heseattachnientpou,ts^ 

„,inap.el.v.an..e..an— 

uiunbe,o.po.tconnection.w.^^^^^ 

co„«nuous,connec.ednuid~^ 

panels are left to move Sreely, or, if a sealing co 

ejected with highly compUant material such as elastomer. 

panels of around 1 4 mm for most loudspeaker appUcaflons. 
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mass and high displacement actuator may be used to dnv 

facilitates thetaskofmatchingagivenpanelmatenal to alow mip 
asaHelimorph™. 

roTi — can be made very to and very Ugb«eigh.. H-ey have a. 
on «he actuator, leading to greater efficiency. 

^eseandoflrcrreaturesof theinventionswiUbe appa^nt 6on,the « detailed 
r^p:lornon.Untitativee«n.lesnra^S«^erencet„t.e.ol,o^^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

FIG 1 is a cross-sectional view of aknown panel loudspeaker, 
nG.2Aisacross-sectionalviewofanembodimentof^epresentmvent.on; 

FIG 2B is a perspective view of the embodiment of FIG. 2A; 
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P,G 3 isaon«.-seoticnalvie«of3notherco,bodi»e„.of*eP-en.inven.,on ; 

;r"ra™.-seo«o.a..ewofa — »ea„.for.esp^^ 
invention; 

view of a further mounting means, 
FIG 8 is a cross-sectional view oi a im 

view of a further mounting means. 
FIG 9 is a cross-sectional view oi d 

DETAILED DESCRIPTION 

...^0,..<^.pa„..e.e.3.^^™^^^^^ 
«amp,eofapie.«=.eo»ica«ya„ven.ou^e. « 

.ap^ne..sco.p.e...v^^»U..^^^^ 

tt^resm foam layers 122. 123 y w.enactivatmgth=driv=rsll, 

< «ntVi inteerated drivers 11 is proaucea. w 
diaphragm 12 with mtegraiea . . ^ i 124 Through elastic 

17 «r,its sound from both mam surfaces 121 , 124. 1 mougi 
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.a.e.an,p.= i.acc.^-wi*.hepr«».inv«.«onass.„™™^^^^^^^ 
Wing wave loudspeaker 20 includes .wo flat pane. d«phragms 22. Fox stab^U^ 
,.i(ftess a. mimmum weight, each diaphragm 22 has ahoneycomb 
and maxnnum sttffcess at m.mm eaH>on-fibre reinforced 

core layer 221 enclosed between two cover lay^ ^„ 

Both diaphragms are essentially idenfcal rectangles of 25cm by 35 
r:hragms22areconnec.edandspacedapartappro.ima.ely4mmbyr,ve.s2, 



. 76 filled with ail. A piezoelectric driver 21 is mounted 
.eaving an inner volun^e 16 ' „ ^ end of 

r^::::-::— S — ...onedia..ra^wM.t.e 

: U connected to «>e opposite diapl«^ again in a force- 

ofterendofthednve . He.in.orph™ with the minor heli. turned 

emitting J^^^^ «, ^1, a signal » .he 

''^^"'^"''^°°'^'rTh^«>-ispreferah,ymountedons«.ds(not 
actuator 21 during operation. The actuaxor p 
shown) to facilitate manufacturing of the device. 

f i^Tfi 2B has a cut-away section showing the driver 21 in a 
Theperspectivev.ewofFIG.2Bh^^^^^ 

.Ughtlyoff-centredpos..onat3/7^m^^^^^^ 

rivets23areplacedatad.stancefiromthe^ge PP ^^^^^^^ 
•^ti, re<5«ectively,of the panel diaphragms 22, leavmg me g 

;Twir;:rronLnced.hrough.heac.ua.rn.However.therive.^ 

J /I wires or stands (not shown) attached for 
The loudspeaker 20 can be suspended firom wires or Stan 

examples, the rivets 23 or the edges of the loudspeaker. 
,anothere.an.leof.hehrven.o.shown.H0.3^e-^^^^ 

'o-P----"^"ti:rj:Tr iTe^ectiv^ 

^r^:nrirp::-r:^--'-"™^^^— 

actuator M. rts are p ^ ^^^^ 

partofthecorel^^lo W^^ ^ ^ 

aiaphragm are remforced. As above, driver 31 is a 

apart by rivets 33 leaving an enclosed volume 36 filled wrth arr 



Helimorph™ actuator 



i7Tr 4 the actuator 41 is housed within two concave 
,„ the example as illustrated by FIG. 4. th a«^a ^ 
425 in each of the diaphragms 42. At then: rm.. 



,■ .i»,taaons «. in example small, compliant foamed 
.o^eoted to .he resp^uve ,p.eing between .he ^»o 

^43 are .lued .o .he mner „«>eoonfi^ionenahles*euse 

of other bigger drivers, sucn 
moonies. 

. «i ^4 and conversely, wnen tuc 
direction of the arrows 53, 54 ano 
diaphragms move to the reverse directions. 

. . ,„ perspective view the loudspeaker 50 comprising the wo 
FIG. 5B .s shown m perspect. _^_„3itto„55of.heacma.orisshown 
diaphra^5^andacma.or5Unotv.s.We)^^^- ^ ^^^^ 

dashed Unes a. approximately the centre of ^e^^ 
SCshowsap^spectivevicwof^ — o^^^^ 
visib,e),wbosepositionsare»arlced y*e^^^^ ^^^^ 

aaphragmsSr ^he — even for pistonic speakers, as «rere are 
,^anowslessstifrdiaphragms.obeused,evenfo 

several driving points. 

t. 1 ^ cneakers of the invention, in which the 
^ -7'- r;r:tI^-ontI.nghapis.onicspeaker«. 

diaptaa^arenotflatpanels. FlG^6A.s ^^^^^^^^^^^^^^^ 

::::::r;-nh,severaiact^.--^^^ 

oommoni„c„nven«onalspeakers,since.e^^-^^^^ 
.d,fi,ess. Oh^non-plan. shapes can ^^J'^ ^ 
„o diaphra^s are esseniially similar .n shape ^d a. ne ^^^^^ ^ 

^een them is essentially constant The arrows 68 m HGs 6A 
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mFlGs7,8and9. 



showingthetoppartofthediaphragms The holes are preferably 

c «7 are relatively free to vibrate. The pin 83 is snow 
thatthedxaphragms82arerelativ y similar mounting means could 

of mounted from below, 
a cable 94. 



